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INTRODUCTION 

The coming of the space age created problems i n  practically 

every f i e l d  of science associated w i t h  space efforts. 

previously w e l l  'known areas space applications have provided questions 

and instrumentation requirements never considered before. 

requirements for the  device described herein was brought about by the 

application of a typical labora toq  instruaent t o  space techiques .  

%en i n  

The 

Uhen sass spectrometers are employed fo r  laboratory analysis 

they are normally contained i n  an evacuated enclosure with positive 

control over the number of ions tha t  enter the  analyzer portion of 

t h e  mass spectrometer per unit time. 

analyzer along i t s  axis and with l i t t l e  radial  velocity. 

these properties are accepted as necessary f o r  accurate measurement 

of ion concentration. However, when a mass spectrometer is applied 

i n  space (e.g. aboard a satellite), t h e  conditions under which it 

must operate are uncontrollable relative t o  laboratory conditions. 

In space, the ion source is  normally removed and the spectroneter i s  

allowed t o  sample the ambient ions i n  the volume swept by the sa t e l l i t e .  

Vhen the s a t e l l i t e  describes an e l l i p t i ca l  orbit ,  the  spectrometer 

w i l l  sample a different number of particles per unit time as the 

s a t e l l i t e  changes velocity and alt i tude relat ive t o  the earth. 

Also, the  a x i s  of t h e  spectrometer does not always point along the 

velocity vector of the sa t e l l i t e .  Therefore, the ions possess a 

property not encountered i n  the laboratory. 

a large radial  velocity component relative t o  the axis of the  spectrometer 

The ions always enter t h e  

Most of 

A t  times t h e  ions have 

I 
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One application, which created the necessity fo r  the 

calibration chamber, ernployes a Bennett type radio frequency m a s s  

spectromete$'- 

structure,  possesses a length of 8 t o  10 inches and an inside 

diameter of 1-1/4 t o  1-1/2 inches. 

employed i n  the calibration chamber has a three stage, 7 - 5 cycle 

tube containing 22 grids. 

with radial  velocity components. 

component re la t ive t o  t h e  center l i n e  of the m s s  spectrometer might 

possibly collide with the sides of the spectrometer before it reaches 

The Bennett mass spectrometer, which i s  open i n  

The laboratory instrumentle 

These grids are l e s s  transparent t o  io= 

An ion possessing a radial  velocity 

the collector. 

Beyond the  above mentioned conditions, no knowledge w a s  available 

t o  predict  how the operation of the  spectrometer night otherwise be 

affected. Therefore, it became manda to ry  t o  construct a device t o  

allow m a s s  spectrometer calibration employing ions a t  difZerent 

entrance velocit ies and different entrance angles (ion at t i tude)  

re la t ive  t o  the spectrometer axis. 

Many problems are associated with the construction of such a 

charnber because it requires a dynamic vacuum seal, a minimum of 

unshielded internal  e lec t r ica l  leads, a maximum uniformity of internal  

e lec t ros ta t ic  fields, a repeatabil i ty of operation, and it must be 

compatible with good vacum technique. Th i s  study and design involves 

the choice of the type chamber, design de ta i l s  and overall results.  



Most of t h e  early dynamic gas pressure seals were formed by 

cocnpressing the sealing nater ia l  against a movable member. 

these were known as dynamic seals,  i n  general they were neant t o  allow 

klthough 

movement only when ioose, being tightened $hen ~ G V  pressure was required. 

Cowie', D'EustachiolO and Gadner13 each described variations of corn- 

pressionaf seals. 

could be formed with a res i l ien t  material b u t  offered only mechanical 

detai l .  

obtainable vacuurn, torque, o r  rotational abi l i ty .  Gadner indicated 

Gadner diagrammed numerous types of seals t ha t  

None of these authors provided infornation concerning cnaximum 

tha t  a bellows w a s  used i n  one of the compressional seals but made no 

mention of the properties of the bellows. 

The next type of dynamic rotating rnechanism reported i n  vacuum 

applications w a s  magnetic couplings . 
a magnetic coupling used for  rotational speeds t o  10,000 rpn and chmber 

pressures of t o r r .  For vacuum applications, 10,000 rpm was an 

extremely high speed and presented a unique s e t  of problems associated 

with the l ifetime and dependability of the sha f t  bearings located within 

the vacuum. 

consisted of molybdenum d i su l f ide ,  graphite, and sod5ucn s i l i ca t e .  The 

bearings were coated with t h i s  lubricant and then tes ted a t  3 r p m  for  

one hour and 3600 rpm f o r  1-1/2 hours. 

in lowering the s ta r t ing  torque from 1 t o  0.06 newton meters. 

n a p e t i c  coupling was formed through a 0.080 inch thick, 6 inch diameter 

quartz plate. 

Coenraads and Lavelle7 described 

Coenraads s ta ted tha t  the bearing lubricant employed 

The break-in period resulted 

The 

The assembly operated i n  a stable manner when the magnet 



- 4 -  

spacing was between 3 and 5 millimeters. 

s l i p  angle between the m a g n e t  poles w a s  18 degrees for  80 newton 

meters torque and 5 millimeter spacing. 

A t  the aaximun speed, t h e  

A t  3 millimeter spacing the 

slip w a s  15 degrees a t  125 newton meters. 

the s l ip  angle w a s  linear with torque. 

s i m i l a r  but sixnewhat less spctacu~ar  ~GLQUE~S ~ e r e  mrnnetzls?, 

Gerbe+*, and Irland and Schermeri?o. 

blithin the above l i m i t s  

Other authors reporting 

One of several dynamic seals employing Teflon w a s  described by 

B i l l e t t  and Bishop3. 

with polished metal spacers between each washer. 

cleared the rotat ing shaft  by 0.010 inch whereas the Teflon had only 

enough clearance t o  allow installation. 

and s t e e l  washers w a s  corapressed, the Teflon extruded into the 

clearance areas of the steel washers and formed a t i gh t  seal  around 

the shaft .  Although t h i s  sea l  required considerable torque and w a s  

not meant t o  be used a t  high speeds, it was usable a t  temperatures 

This  sea l  consisted of a stack of Teflon washers 

The metal spacers 

When the stack of Teflon 

up t o  2 o o O c .  

Several authors, of which Howel' was one of the more successful, 

reported constructing dynamic seals by f i l l i n g  the space between 

two sealing rings with mercury or  o i l .  Howe cut two thin (1/& inch) 

Teflon rings t o  f i t  i n  each extremity of a typical  glass taper joint .  

He added a side arm a t  the center of the female half of the taper 

jo in t  f o r  purposes of evacuation and back f i l l i n g .  X t h  the Teflon 

rings i n  place, the j o i n t  was evacuated t o  several nicrons pressure 
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and then back f i l l e d  with mercury. 

negligible rsercury vapor leakage and was usable t o  t o r r .  The 

largest  diameter attempted was 42 millimeters and it presented no 

rrliiisual problems. The seal  rotated easire than grease-lubricated 

joints  and torque became less as the seal w a s  used. 

Lindley and Thomas2' reported s i m i l a r  seals using 0-rlngs md 

diffusion p u q  o i l .  

The seal  w a s  reporteO t o  have 

Gorex5 and Lake, 

Perhaps the best known type of dynamic vacuum sea l  was contributed 

by 1 l i l s 0 n ~ ~  i n  1941. 

many years i n  vacuum work and has been copied for  many other applica- 

t ions  by a number of seal  lsanufacturers throughout the world. 

original Wilson seal w a s  constructed by cutting a washer from a 

sheet 02 rubber and supporting it so that only one edge of the central 

hole provided the sealing and thus  allowed the seal t o  be self-actuating. 

The central hole i n  rubber w a s  made t o  have approximately 1/16 t o  1/8 3 

interference with the  shaft, thereby allowing the rubber t o  maintain 

a f i r u  grip on the shaft. Although this seal  was not singly adequate 

fo r  high vacuum work, a pair  of these seals was ersplojred with different ia l  

pumping (Figure lb)  and displayed excellent high vacuum properties. 

Duncan and Warren1', Greenhouse and Vergara17 , Roberts26, and Si tnep7  

reported applications of Hilson's seal. 

pumped Wilson-type seal  employing two u n i t  seals manufactured by Garlock 

Company of Palmyra, New York (No, 63 Garlock Emlosures). 

tested a t  a m a x i m u m  speed of 18,000 rpm, although lower speeds were 

The Wilson seal (Figure 1A) has been used fo r  

The 

Sitney described a different ia l ly  

The seal  was 



- 6 -  

noxually used. 

lower speeds. 

Sitney reported a minimum pressure of t o r r  at  the 

In 1949 Retzloff2’ described a seal with unusual movement 

capabili t ies (Figure 2). 

Youns2 reported variations of this seal with less freedom of movement. 

Later ,  Brannen and Ferguson4, and Lee and 

In Retzloff’s seal, the ball w a s  supported by the w a l l s  of the vacuum 

system. A seal between the ball  and the vacuuu system vas obtained by 

the use cf an O-ring around the equator wi th  the coapression supplied 

by a elarcping ring. In addition t o  compressing the  O-ring, t h e  clamp 

ring provided the outer support f o r  the base as well as a stop f o r  

t h e  angular swiveling action. The be l l  and the internal rod cosld 

be swiveled - +go degrees i n  any di rec t ion  from the center. 

the rod could be rotated and could undergo translation limited only 

by t h e  dimensions of the system and by t h e  lubrication of the O-ring. 

Although the application of t h i s  sea l  was not described, it evidently 

allowed degrees of freedom not available i n  any other type of dynamic 

sea l  reported i n  the  l i terature.  

and Ferguson*, the ba l l  was pinned on t h e  equator and allowed t o  pivot 

only i n  one plare. 

t h a t  pivoting vas the only action from the  assembly. However, t h e  

authors used a Wilson seala1 instead of O-rings on the atmospheric 

si-de of the bai l .  This meant, of course, t h a t  the pivot pins and t h e  

majority of the bal l  surface were inside the  vacuum system. When th i s  

type of dynamic seal  was used as a motion transmitting device, it was 

Also, 

In the version reported by Breanen 

Also, the central rod was soldered t o  t h e  ba l l  so 
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limited t o  pressures of approximately lo-’ to r r .  

Bellows-sealed vacuum movements were reported by Crackers; 

Esterman and Fone$2; Lockenvitz, Hughes, Lipson and Olewin2’; and 

Topanelian and Coggeshal12’. However, the first bellows-sealed valve 

w a s  reported in January 1946 when Topanelian and CDGgeshall published 

t h e  first a U  m e t a l  packiess vacuum vaive. This vaive (Figure 3)  was 

actually designed t o  maintain pure sampling i n  infrared techniques, 

although i t s  application t o  vacuum work vas evident. 

small (2-1/2 inches merall height) , w a s  constructed mainly sf brass, 

and employed a silphon bellows. 

l e a a g e  or torque, it was stated tha t  the valve was used i n  its 

par t icular  application for a long pe r iod  of t i m e  with no maintenance 

required. 

by the above nentioned authors, and d l  of the ultrahigh vacuum 

valves are presently bellows sealed. 

This valve was 

Although, no values were given f o r  

Improvements on t h i s  application of bellows were published 

In 1956, Von Ubisch3’ published information on a seal tha t  could 

f ind wide use today. 

copper tube t o  a high vacuum system, passed the  rotor through the  

tube  and brazed the atmospheric end of the rotor  t o  the outside end 

of the  copper tube .  Although he normally required only - +90 degrees 

rotation, the tube  was capable of 1 t o  2 revolutions between annealings. 

IJO vacuum specificatians were quoted, b u t  the application was for an 

ultrahigh vacuum system. 

Von Ubisch sealed one end of a clean, annealed 
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In a molecular beam experiment, Louckes** published a design f o r  

a circular  system i n  which the ion gun w a s  located outside the main 

chamber. 

beam entered a c i r c d e r e n t i a l  s l o t  i n  the side of the chamber extending 

for approximately 1/4 of t h e  circumference. Attached t o  the ion gun 

vas a stiffened O.GG5 inch thick stainless stri? side e n ~ u g h  %e carer 

t h e  s l o t  and t h e  O-ring around it and s l ide  on the O-ring as the 

ion gun vas moved along. 

the entrance s l o t  coiled the s t r i p  a f te r  it had passed the extremities 

of t h e  O-ring. 

reported t o  operate sa t i s fac tor i ly  i n  a range of 

The ion gun rotated around t h e  outside of the chamber and the 

Coiling devices located a t  e i ther  end of 

Although the sea l  was admittedly comglicated, it w a s  

t o r r .  

An effective high speed rotary s e a l  w a s  published by BrueschkeSJ6 

i n  1961. Thfs seal, shown in Figure 4, w a s  designed f o r  high speed 

operation a t  ultrahigh vacuum. 

vacuum was the mercury a t  t h e  bottom of the rotor. 

vacuum was provided t o  keep the mercury from being drawn too f a r  up 

the inside of t h e  rotor, which would introduce a i r .  

seal f o r  the balancing vacuum w a s  provided by the Vilson sea131 near 

the top of the rotor. This device and a second s i m i l a r  version were 

reported t o  have operated i n  excess of 4,000 rpm a t  a pressure of lo-’ 

t o r r  wi th  mercury as the  primary seal. 

t rap  waslocated along the rotor t o  remove the mercury vapor. 

The primary sea l  f o r  the ultrahigh 

A balancing 

The secondary 

A t  t h e  above pressure, a cold 

One dynamic vacuum seal  tha t  did not  employ sliding surfaces o r  

l iquids was an e l l i p t i c a l  bearing device. Hunterl’ described t h i s  
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device as follows: 

inside and outside with ba l l  bearings that had races suff ic ient ly  

s m a l l  i n  CMSS section t o  permit some flexure. T h i s  assembly was 

then squeezed in to  an e l l i p t i c a l  shape (1/& out-of-round) by pressing 

a hollow driving shaft  with the appropriate e l l i p t i c a l  bore over the 

outer bearing. Since the tXn-walled tube was fixed, the ax is  of' the 

e l l i p se  rotated with the driving shaf t .  

as the  drive s h a f t  rotated, and the flexure was transferred t o  t h e  

inner bearing, which i n  turn caused the inner shaf t  with a matching 

e l l i p t i c a l  cross section t o  ro ta te  i n  unison with the driving shaft .  

Lubrication of the inner bearings was accomplished with mol7bdenu.u 

disulfide. 

speed and torque, no r e s u l t s  on speed o r  l i f e  were given. However, 

one model proved capable of t r ansmi t t i ng  125 foot pounds of torque. 

The largest  dynamic s e a l  reported was constructed by Armstrong 

A thin-walled metal tube was closely f i t t e d  both 

The thin, fixed tube flexed 

Alihough, t h e  goal of t h e  device w a s  t o  provide high 

and Blais' i n  1963. 

of 24 inches, they introduced a new and uIiusual sealing ring t o  the 

vacuum industry. 

oStained from the Tanner Engineering Company of Los Angeles, California. 

In t h i s  design, two rings were employed as radial  sea ls  and t h e  volume 

between the two sealing rings was maintained a t  approxisately 5 microns. 

The system was pumped with e 500 l i ter  per second diffusion pump which 

maintained the chamber pressure a t  approximately 3 x t o r r .  During 

routine operation the rotation of the upper part  of the chamber resulted 

In addition t o  reporting a s l iding sea l  diameter 

Th i s  new seal was called a "Tec ring" and w a s  
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in a pressure rise of less than 2 x IO-' to r r .  It was also reported 

that approximately 100 foot pounds of torque were required to rotate 

the chamber timing sustained operation. 



APP 

In order t o  successfully design the test chamber, the specifications, 

construction and operation were completely outlined. 

specifications w e r e  as follows: 

The more important 

1. 

2. 

5 

4. 

5 -  

6. 

7. 

8. 

9. 

Approximately a 6 inch ion gun assmbly 

Approximately a 6 inch ion d r i f t  region 

The abi l i ty  t o  vary -the ion atiitiide froin 0 to 

re la t ive  t o  t h e  center l i ne  of the m a s s  s p e c t m e t e r  

The variation of t h e  ion entrance angle should not alter the  

properties of the ion beam 

The ab i l i t y  t o  vary t h e  i o n  d r i f t  velocity from 0 t o  10 

kiloaeters per second 

The chaaber should have a m i n i m u m  of unshielded e l ec t r i ca l  

leads 

The chamber should have a maximum uniformity of e lectrostat ic  

f i e lds  especially i n  the vicinity of t h e  ion dr i f t  area 

The chamber should have a m i n i m u m  wall area exposed t o  vacuum 

The overall chamber should be as small as possible. 

degrees 

Three general s tyles  of chambers (cf. Figures 5 ,  6, and 7) were 

considered and evaluated i n  tern of the above mentioned specifications. 

The swinging a r m  t y p e  chamber (Figure 5) w a s  found t o  provide the 

necessary space f o r  t h e  ion gun assembly and dr i f t  region and t o  

accommodate t h e  radio frequency uass spectrometer. This  type of 

chamber would have had a mininum nmber of e l ec t r i ca l  leads unshielded 

within the chamber and would have required only a simple di f fe ren t ia l ly  
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i 

pursped vecuum seal. f o r  the rotating beam. 

of t h i s  chamber w a s  that ,  as the ion gun was rotated t o  a position 

approaching 90 degrees t o  the m a s s  spectrometer axis, a non-uniform 

e lec t ros ta t ic  f i e l d  began t o  f o m  between the last ion focusing ring 

and the w a l l s  of the chamber. Actually this non-uniform f i e l d  would 

have heen_ i r r  existace a d  warl0 h z e  affected the ~ v e r i i l l  p r q e r t i e s  

of the ion beam f o r  a t  l ea s t  the f ina l  45 degrees of rotation. Also, 

a loading port would have been required with t h i s  type of chamber. 

In terms of the specification, the variation of the ion at t i tude would 

have affected the properties of t h e  ion beam. 

the physical properties of the chamber would have been as follows: 

The most undesirable feature 

In addition t o  the above, 

1. 

2. 

3-  

4. 

5. 

The rotating p la t fom chamber (Figure 6) w a s  a different approach 

Approximately 200 inches of weld 

Approximately 1,000 square inches of exposed surface area 

A weight of approximately l3O pounds 

A chamber radius of 14 inches 

An overall height of 15 inches. 

in tha t  the ion gun remained fixed and the mass spectrometer was rotated 

around t h e  f i r s t  grid. This chamber would have provided ample room 

f o r  all components as w e l l  as a constant e lec t ros ta t ic  f i e l d  around 

the ex i t  of the ion gun. I n  addition, the rotary sea l  would have been 

a simple d i f fe ren t ia l ly  pumped seal. However, wi th  t h i s  chamber, long 

and flexible e lec t r ica l  leads would have been required t o  allow 

rotation fo r  the m a s s  spectrometer and a loading port would have been 

required on t h e  system. Also, t h e  system would have been too large. 
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The physical properties would have been as follows: 

1. 240 inches of weld 

2. Approximately 2,300 square inches of exposed area 

3. 

4. 

A weight of appro&mateljr 380 FGuncis 

A n  overall s ize  of approximately 24 x 15 inches. 

The rotary chamber (Figure 7) provides an ent i re ly  different 

approach t o  the problern. In addition t o  accommodating the ion gun and 

aass spectrometer, i t  would provide f o r  short leads within the system 

as well as a uniform electrostat ic  f i e l d  around t h e  ex i t  of t h e  ion 

gun assemblies. 

unusually large rotating vacuu's seal. 

the chamber were as follows: 

However, t h i s  type of chamber would require an 

The physical properties of 

1. 

2. 

3 .  

4. 

Approximately 100 inches of weld 

Approximately 550 square inches of exposed area 

-4 weight of approximately 75 pounds 

The chamber would be constructed from 6 icch tubing 

approximately 16 inches long 

The dynamic rotary seal would be contained within two 5 .  

flanges approximately 12 inches i n  diameter. 

In examining the pmposed chambers, the rotary chaaber appeared 

t o  best sa t i s fy  the required specifications. 

constant e lectrostat ic  f i e l d  around the ex i t  of t h e  ion gun. 

provided ease of mounting and maintenance and sa t i s f ied  the requirements 

f o r  angle and velocity variation. 

This chalnber provided a 

It 

In addition, the construction required 
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the least amount of material, weld and exposed area t o  the vacuum system. 

The primary question concerning the chamber was the requirement 

f o r  a large dynamic vacum seal.  

seals constructed using rubber O-rings were subject to high torque 

requirements and "stick slip" conditions (non-uniform !notion due t o  

intemit teot  seizing c?f ~r i -ng ) .  

lubricant t o  minimize the coefficient of f r ic t ion.  The l i t e ra ture  

search provided a pa r t i a l  solution i n  a publication by Amstrong and 

Blais' concerning a new type of sealing ring f o r  dynamic system. 

The sealing rings, referred t o  as "Tec rings" (Figure 8), were 

constructea from Teflon and Viton A. 

provided an excellent dynamic sealing surface, a t  tirnes it w a s  

subject t o  severe cold flow and a f t e r  a period of t i ne  under pressure 

was prone t o  flow in order t o  reduce the mechanical load, which 

eventually resulted i n  an inadequate seal. 

t h i s  l imitation i n  Teflon i n  a unique manner. 

s p l i t  so tha t  a smaller Viton O-ring could be inserted inside the 

Teflon ring. 

t h e  Teflon underdent some compression, b u t  most of the  interference 

was taken up by the Viton O-ring, or energizer. 

t o  cold flow t o  relieve the stress set  up by the interference of 

assembly, t h e  Vitor. energizer expanded, thereby maintaining the pressure 

on t h e  Teflon sealing surface. 

many configurations wi th  nany types of l iners.  However, for t h i s  

It w a s  well known tha t  large dynamic 

 hey zlso reqc i red some type of 

Although Teflon has usually 

The "Tec ring" overcame 

A Teflon O-ring was 

When the Teflon r i n g  was compressed i n  the sealing groove, 

As the Teflon began 

These sealing rings were available i n  
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application only the rad ia l  and face sealing types conteining Viton 

energizers were considered. 

A diagram of the rotary chaaber (Figure 7) shows the f ive  areas 

of in te res t  i n  the design of the chainber. 

welds, and area E also contained t h e  large dynamic vacuum seal, 

areas marked A and B i n  Figure 9 were both flange Wtlds; area A vzs 

f o r  the ion gun rsount and crea 3 attached t h e  charsber t o  the mounting 

flange. 

f lmges  t o  1/8 inch wall 301: stainless s t e e l  tubing. 

were cour,terbored from front and back leaving a 1/8 inch wide by 

1/8 inch high welding ridge in the  bore of the flange. 

was butted against t h i s  welding ridge and the welding was perfomed 

by the Eefiarc process. 

were simply fused together. 

f o r  three reasons: (1) the weld was on the vacuum s ide  of the joint, 

All of these areas contained 

The 

Both cases involved welding 318 inch 304 stainless steel  

The flanges 

The tubing 

No f i l ler  metal was added so the two pieces 

This particular type of weld was employed 

thus leaving no crevice t o  evacuate; (2) t h i s  

minimum of flange warping; and ( 3 )  all of the 

tubing created by the chamber being evacuated 

flange material and not the weld. 

The end plate  weld f o r  mounting t h e  rnass 

type of weld exhibited a 

load on the flange and 

was exerted on t h e  

spectrometer w a s  designated 

as area C (Figure loa). 

stainless  steel p la te  welded t o  1/8 inch wall, 6 inch diameter 304 

stainless  steel tubing. 

welding process. 

The end plate material was 3/8 inch thick 304 

Once again no f i l l e r  metal was added i n  the  

This weld was the only one i n  t h e  en t i re  system 
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t ha t  l e f t  a crevice t o  be evacuated. The weld vas assembled as shown 

because of the diff icul ty  encountered i n  atternpting t o  weld the end 

p la te  on the inside of the system and because it resulted i n  less  
I 

~ 

warpage. The 4 inch punping port was attached t o  the main portion of 
, 

the  chamber (Area D, Figure 7). The 4 inch pipe vas contoured t o  f i t  

the exterior of t h e  6 inch pipe and the larger pipe w a s  bored so that  I 

the  puwing port matched the inside diameter of the 4 inch pipe. The 

smaller pipe was held i n  alignment w i t h  the pumping port and t h e  weld 

was accomplished icside. 

arranged so that  a l l  the load w a s  taken by the two pieces of pipe 

No f i l l e r  metal was added, and the weld was 
I 

rather than the weld. It was important tha t  all of the welds were 

accomplished with a minimum of garpage since the s ize  of the chamber 

required tha t  the various coapoilents be machined before being welded 

t o  the 6 inch stainless steel pipe. Once t h e  various parts were 1 

attached t o  the large pipe it was no longer possible t o  machine them 

without the construction of special j i g s  and fixtures fo r  mounting the I 

assznblies i n  e i ther  a lathe or milling machine. 

Area E i n  Figure 7 represented the h e a r t  of the chamber. The 

success or  fa i lure  of the chamber depended prirnarily upon the design 

of t h e  s ea l  and support assemblies. Therefore, the vacuun seals, 

support bearing and driving mechanism received m a x i m u m  attention 

during the design of t h e  chamber. The  components contained i n  t h i s  

area (Figure 11) were the vacuum seals, support bearing, and the drive 

sprocket. The process of determining the s ize  and type of the components 
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i 

i n  t h i s  area was made d i f f icu l t  because of space limitations. 

inside of the flange t h e  e l l i p t i c a l  hole formed by the 6 inch bore 

occupied s l igh t ly  more than 8 1/2 inches equivalent diameter. 

the bore w a s  at an angle re la t ive t o  t h e  rotating face, 10 inches 

was selected as the  minimum diameter for  the inner seal .  On the 

outside, the  maximum diameter which could be machined i n  the available 

i r c i l i t i e s  w a s  barely i n  excess of 13-5/16 inches. All the components 

f o r  sealing, supporting and driving the chamber had t o  be contained 

i n  s l i gh t ly  over 1-1/2 inches. 

the u s e  of two face-type sealing rings, because one face seal ring 

had t o  l i e  outside the other and beczuse the bearing had t o  l i e  outside 

the la rgrs t  ring. Although it was possible t o  mount the bearing within 

the vacuum systea, t h i s  w a s  considered t o  be extremely undesirable 

because t h e  bearing lubricant would be i n  the vacuum region. 

radial  type seals could have been enployed; however, t h i s  would have 

reduced the diameter of the bearing only a small amount and would have 

severely iccreased the overall depth requirements. In addition, t h e  

Teflon type "Tec rings" were not flexible, and rad ia l  type rings 

would have created another design problem. For these reasons, the 

design employing one face sea l  an?. one rad ia l  seal was selected. 

On t h e  

Since 

This limitation immediately eliminated 

Two 

The drive mechanism f o r  the chamber provided unusual problems. 

The standard methods f o r  driving a rotating member were gears, chain 

drive, V-belt drive o r  timing belt drive. Gears were quickly ruled 

out became any gear of sufficient diameter would have a low diametral 
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pitch and therefore large and deeply cut teeth. 

occupied more room than could be alotted f o r  the driving mechanism. 

It was desirable t o  have the en t i re  chamber e lec t r ica l ly  insulated 

from the remainder of the vacuum system. 

had t o  be t o t a l ly  integral  with the chamber or, i f '  a coupling was 

eqloyed, it had t o  be insulated. A n  integral  driving neche-ism 

was not desirable because it not only added excessive bulk t o  the 

chmber i t s e l f ,  but a lso had t o  be comprised of gearinz which had 

already been ruled undesirable. 

characterist ic:  

been undesirable unless a compound system was used. 

3 or 4:l w a s  necessary between the chamber pulley and the smaller 

driving pulley, a small angle of contact on the small pulley would 

have resulted, t h u s  introducing t h e  possibi l i ty  of slippage. A 

timing belt drive was eventually employed. The t i a ing  be l t  had 

several desirable features f o r  such an application: It was e lec t r ica l ly  

insulating, it was a positive drive (no slippage), it did not require 

as much tensior, as V-belts t o  accoc l i sh  the required driving force, 

and the be l t  occupied l i t t l e  space because of the shallow depth of 

the teeth i n  the sprocket. The drive components tha t  were f ina l ly  

selected were obtained f,mn Morse Chain Company of Tulsa, Oklahoma 

and were : 

The gear would have 

Therefore, the drive e i ther  

V-belts had one undesirable 

For high torque loads the  pulley rat ios  would have 

Since a r a t i o  of 

1. Driven sprocket Noe 84Ek.00 

2. nriving sprocket No. TL24HlOO 

3 .  Drive belt no. 5lOEl.OO 
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T h i s  combination was operated a t  a sprocket center distance of 10.94 

inches. 

inches and could be machined on the available equipment. 

webbing i n  the sprocket were removed with the aid of a band saw and 

the  remainder of the sprocket w a s  uachined t o  f i t  the  dianeter of 

t he  saving fiange. 

bearing tha t  would carry the  required mechanical loads and not take 

up excessive space was kydon Zngineering Corporation of Puskegon, 

ivlichigan. Kaydon produced a ser ies  of bearings called "Readi-Slim", 

which have small cross sections relative t o  the i r  bore. The bearing 

selected f o r  t h i s  application was a Kaydon No. KCllOCP, Conrad type 

deep groove bearing. The bearing t r u s t  capacity was: static-'7300 

pounds, dynamic at  100 r p m  - 1400 pounds. 

the bearing had t o  have suff ic ient  diaruetral clearance. Therefore, when 

the bearing was mounted the par ts  were machined carefully so tha t  the 

bearing could be pressed in  position by hand, thereby insuring tha t  

the diametral clearance was not reduced. 

f icat ions concerning t h e  bearing were: a bore of 11 inches, an outside 

diameter of 11-3/4 inches, and a thickness of 3/8 of an inch. The 

outer o r  radial  sealing ring was chosen t o  have the same inside 

diameter as the  Kaydon bearing. The area on which the radial  r ing 

was placed was nachined 0.005 of an inch smaller than the bearing bore 

so tha t  mounting the bearing on the rotating flange would not mar the 

sealing surface. 

The driven o r  large sprocket had a maximun diarneter of 13-5/16 

The hub and 

The only rnaiiiifaetiirer thzt pAvck~eed a stock 

To absorb these t r u s t  loads, 

The other important speci- 
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The actual construction of the chamber w a s  d i rect  except for 

machining the 6 inch diameter holes through the main flanges a t  45 

degrees t o  t h e i r  inner surfaces. 

machine would have required a large nurnber i n  interrupted cuts which 

would cause excessive wear on the precision spindle. 

mnchining required t h e  use of a heavy duty l a the  capable of swinging 

a maximum of 13-5/16 inches. 

la the spindle a t  exactly 45 degrees relative t o  the axis of the spindle, 

it w a s  necessary t o  construct a fixture on which the plates could be 

mounted while t h e  6 inch hole was being machined. 

were t o  be maintained i n  the large flages it was required that  the  

f ix ture  for mounting the flanges i n  the la the also be accurate. 

The f ix ture  (Figure 12) w a s  welded together and post heated with a 

torch t o  keep s t r e s s  warpage a t  a minimum during the machining process. 

The base was then machined snooth and d r i l l e d t o  f i t  the  face plate  

of the lathe.  

which had an accuracy of 1 minute i n  360 degrees. 

zeroed and the base of the f ixture  was a l igned to  be parallel t o  the 

Boring these holes with a milling 

ThereiGre,  this 

Since the plates had t o  be mounted on the 

If  accurate angles 

The f ixture  was then mounted on a 12 inch rotary table 

The table  was 

longitudinal feed of the milling machine and i n  the plane of the 

spindle axis. 

posit ion and t h e  second face of t h e  f ixture  was machined in this 

position. 

t o  be mated on the chamber and loaded there was t o  be a 1/16 of an 

inch clearance between the  inner surfaces. 

The table  was rotated 45 degrees and locked i n  

The design of the flanges was such tha t  when they were 

Therefore, the axis of the 
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45 degree hole intersected the center l ine of the flange 1/32 of an inch 

i n  front of the in te r ior  surface, 

were mounted in the correct position on the  previously mentioned boring 

f i x t u r e ,  a second f ixture  was designedto allow the dr i l l ing  of a 1 

inch p i l o t  o r  alignment hole i n  the plates previous to mounting i n  

the lathe.  

In order t o  insure that  the flanges 

The second f ixture  (Figure l3f was constructed so that  it could 

be mounted between t h e  centers of a precision dividing head. 

pieces of the f ixture  were center-drilled so  that  t h e  center of 

rotation of the f i x t u r e  would be 1/32 of an inch above the in te r ior  

surface of the flange t o  be dril led.  

f ixture  with the aid of tooling holes and centered around the machine 

spindle. 

u n t i l  the flange was perpendicular t o  t h e  axis of t h e  milling machine 

spindle. 

hole was bored through the flange so that t h e  center l ine  of the hole 

intersected the center l ine  of the flange 1/32 of an inch i n  front of 

the flange surface. 

of the fixture so that  it could be used on each flange, 

f ixture  was then dr i l led  through its center t o  a hole diameter 

somewhat larger than 1 inch, mounted on the face p la te  of the lathe, 

and centered with respect t o  t h e  fixture base. 

accurately dr i l led  center holes i n  the ends w a s  passed through the 

flange t o  be bored and the inclined surface of the f ixture  and 

The end 

The flange was mounted on t h i s  

The flange and f ixture  were rotated around the centers 

The dividing head r ~ a s  then rotated 45 degrees and a 1 inch 

Blocks of different heights were tsade f o r  the ends 

The f i r s t  

f: 1 inch bar with 
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placed between centers on the lathe. 

1 inch bar un t i l  it rested on the surface of t h e  f ixture.  

The flange w a s  moved down t h e  

The flange 

was attached t o  the f ix ture  with the previously nentioned tooling 

holes d r i l l ed  i n  the exterior side of the flange. 

had been securedto  the turning fixture, t h e  bar was removed and the 

boring process began. 

cut, the  boring bars employed were well supported and no damage was 

done t o  the machine. Each flange was mounted i n  t h e  lathe thus and 

Once t h e  flange 

Although the boring involved an interrupted 

bored t o  f i t  the 6 inch stainless s t ee l  tubing. 

on each flange were machined t o  within 0.020 inch of the finished 

dimensions before the large hole w a s  bored through the flange. 

completing the boring operation, the remainder of the flange w a s  then 

machined t o  the finished dimensions, thus avoiding any warpage i n  t h e  

finished piece due t o  the possible relieving of stresses i n  the area 

of the large hole. 

the flanges a f t e r  welding would have been d i f f icu l t .  

t h e  large flanges at the rotating surface, accurate machining after 

t h e i r  attachment t o  the 6 inch stainless tubing was not possible on 

the  aveilable equipment. 

t h e  tubing with an absolute minimum of warpage. 

desirable t o  Heliarc weld the flanGes t o  t h e  tube with the weld 

exposed t o  the vacuum system. 

when s t r a in  re l ief  grooves could be cu t  i n  the area where the weld 

was to be applied. 

All other surfaces 

Upon 

It has been previously s ta ted  that  machining of 

In the case of 

Therefore, the flanges had t o  be mounted t o  

It was, of course, 

T h i s  type of weld was feasible 

However,the nature of the part  made grooving 
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e-xtremely d i f f i cu l t  . 
as much weld as would be required f o r  mechanical support and provide 

a vacuum seal a t  the interface of the  tubing and flanges with a low 

vapor pressure sealing material. 

another problem: 

on the outside only because it would have created a large crevice 

between the tubing and flanses that  would have t o  be evacuated. 

crevices would have been undesirable because of the possibi l i t ies  of 

trapped contaminants. 

inside of the system only because it would have been under constant 

stress from the pressure difference across it and would probably 

have resulted i n  an early failure.  Therefore, the sealing material 

(Dotr Corning RTV 202) w a s  applied both inside and outside and the 

volume trapped between the two seals  was evacuated continually. 

caused l i t t l e  extra e f for t  because mechanical pumping i n  the low 

micron range had already been made available fo r  evacuating the 

area between the two sealing rings. 

of sealing naterial ,  the inside portion had a small pressure drop 

across it and was therefore under l i t t le  stress. 

of the flanges t o  the 6 inch tubing was accomplished by placing 3 inches 

of weld i n  1 inch sections spaced 120 degrees apart on the outside 

of the flanges. 

a netal  protractor w a s  s e t  exactly at  45 degrees with the aid of a sine 

bar and gauge blocks. 

It theref ore appeared desirable t o  use only 

This sealing material advanced 

the location of i t s  application. It w a s  not applied 

Such 

The sealing material was not applied t o  the 

This 

By pumping betveen the two f i l l e t s  

The actual coupling 

To prepare the 6 inch tubing f o r  assembly t o  the flanges, 

The protractor was used t o  align the s ta inless  
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s t e e l  tubes  i n  the flanges a t  precisely 45 degrees. 

securely clamped, %he three previously mentioned sections of Heliarc 

weld uere applied between the tubing and t h e  flanges. 

up the par t s  f o r  welding, 1/8 inch spacers were used t o  separate the 

tubing from the  in te r ior  surfaces of the flanges, which l e f t  a f i l l e t  

area +e ?3t: filld :jjf,h seal5.x material. 

w a s  applied t o  the inside and outside of each flange and the chamber 

w a s  ready for assembly and testing. 

Uith both pieces 

In  se t t ing  

Finally; t h e  Dow Corning TiTv 

To drive the rotating half of the chamber, a G e a r  box had t o  be 

positioned near the test  apparatus and coupled t o  the drive bel t .  

the rotat ing flange was inclined a t  an angle of 45 degrees re la t ive 

t o  the center l i n e  of the chamber, the rotating axis of the gear 

box also had t o  be inclined a t  45 degrees. This axis was mounted on 

a separate p la te  a t  a center distance of 10.9 inches from the center 

of the main sprocket. 

a mechazical r a t io  of 3.5:1 relat ive t o  the driven sprocket was 

driven through a 5O:l 3x.r reductico. 

GB1053 worm wheel and a ~ ~ ~ 0 5 6  worn gear and were manufactured by 

Boston G e a r  Corporation. 

designing o r  constructing the chamber drive gear box. 

Since 

The sua11 I.brse timing be l t  sprocket which had 

The gems r-tqdoyed were a 

No special  techniques were involved i n  



I 

i 
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of t h e  chmber by the vacuum, the system was pumped t o  the 

range. 

pressure rise.  

fell t ines  the chamber was rotated. 

a rise w a s  no longzr noticeable on the lo-" t o r r  renge. 

a f t e r  the spiten! had pumped overnight, a pressure burst w a s  noticed 

upon the first two o r  three rotations the next day. Thereafter, the 

pressure rise with rotation was unnoticeable i n  tk  lomG torr range. 

The chamber was constantly purged with ultrapure nitrogen and other 

pure gases. 

t o r r  

A t  this point the  chamber was rotated by hand t o  observe the 

A small pressure rise (2 x t o r r )  occurred the first 

After approxirnateiy ten rotations 

However, 

As the use of the chamber progressed, the base 'essure continually 

dropped un t i l  the system, when standing idle, f ina l ly  psmped down t o  

approximately 3 x lo-* t o r r  as measured with a B a i r d  Alpert gauge. 

Upon rotation, the pressure rcse less  than 2 x to r r .  Th i s  

pressure r i s e  was not noticeable i n  the t o r r  ranze, uEch is the 

chamber's normal aperating pressure. 

input crank was 9 inch pounds. 

crank and t h e  chamber indicated 8 chamber torque of lgG foot paunds 

and a drive be l t  tension of 200 pounds. By measuring the torcue a t  

The torque required t o  turn the 

The total r a t i o  of l7'j:l between the 

the crank, any resistance t o  motion developed i n  the gear box was 

multiplied by the t o t a l  mechanical advantage, which resulted i n  a 

high indicated torque. 

chamber was 51 foot pounds, result ing in  a bel t  tension of 95 pounds. 

The actual torque required t o  rotate  the 
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!/hen the chmber was aligned or  at  zero degrees, t h e  axis of t h e  

ion gun and the mass spectrometer were coincident. 

underwent a full rotation (i.e. 180° rotation of the flanges) the 

center l i ne  of the ion gun and the mass spectrometer were a t  90 degrees 

t o  each other. 

pass spectroaeter a t  the entrance gr id  of t h e  m a s  spectrsueter. 

curve tias drawn relat ing the angular relationship of the ion gun 

re la t ive  t o  t h e  mass spectroueter (Figure 15). 

it was considered that  the center l i n e  of the ion gun upon chamber 

rotation described a r ight  circular cone (Figure 16). The angular 

relationship of the flanges was determined by observing the base of 

the r ight  circular cone. 

other was described by the angle 8, and the relationship of the center 

l i n e  of the moving half of the chamber re lat ive to  t h e  fixed half was 

described by t h e  angle 9. 
of t h e  r igh t  circular cone and a cord w a s  dram within the sector 

fomed by 8. 

The angular relationship between 9 and $ was determined based on the 

Uhen the chamber 

The axis  of the ion gun intersected the axis of the 

A 

To derive th i s  curve 

The rotation of one flange relat ive t o  the 

An arbi t rary angle was chosen on t h e  base 

The cord xias then divided into two equal parts, labeled a. 

f ac t  tha t  a was common t o  both r ight  triangles forued by - 9 9  and . 
2 2 

The resu l t  was as follows: 



9 .-. a = r sin - 2 

a 
sin p/2 = 7 

... a = 1 sin Q 2 

- 2 8 -  

Since r/l = 0.707, 

8 
p = 2 sin [O.’j’O7 sin -1. 2 

‘ I  

1 1 

, 
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DISCUSSION OF WULTS 

I 

The chamber w a s  disassembled twice during t h e  early stages of i t s  

use t o  f a c i l i t a t e  mounting and adjusting the  mass spectrometer and ion 

gun assemblies and measuring the i r  relative positions within the chamber. 

Since tha t  t i m e ,  the chamber has  only been disassembled once i n  over 

a year and a half of operation, and that  w a s  &ne f o r  reasons other 

than maintenance on t h e  cbm.?wrr M t e r  dZs~sse~l&~, it vs fcund 

tha t  the Teflon sealing rings had undergone very l i t t l e  wear. 

during the  operation and rotation of the chamber soue of the Teflon 

rubbed off of the sealinG r i n p  and adhered t o  the stationary plate, 

forming a layer of Teflon on the flange. After the Teflon layer had 

been deposited on t h e  stationary flange, fur ther  rotation resulted i n  

seal slippage, which occurred between the Teflon ring and the deposited 

layer of Teflon rather than between the ring and the surface of the 

s ta inless  steel. 

employed i n  this seal. should be long. 

operation there was no evidence t o  indicate that  the rings were worn 

suff ic ient ly  t o  need replacement. 

w a s  that the break-away torque did not increase noticeably when the 

chamber was left idle. 

a gear r a t i o  of 175 and any s m a l l  increase i n  break-away torque would 

have been barely noticeable. Nevertheless, on a large sea l  with 

elastoner rings, t h e  break-away torque would have increased by a large 

amount i f  the chamber had been allowed t o  remain idle. This conclusion 

Apparently 

Because of this ,  the l i fe  of the Teflon rings 

During a year and a half of 

One advantage of t h i s  type of sea l  

However, t h e  turning motion was applied through 

1 
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was based on the use of smaller e las tmer  seals and w a s  undoubtedly 

va l id  f o r  large seals as well. In actual use the uniforuity of the 

ion beamL6, once the electronic problems had been solved, appeared t o  be 

undisturbed by rotation of the chamber. Also, i n  ueasuring the ion 

current w i t h i n  the mass spectrometer the repeatabil i ty of the chamber 

tc mg-cl3-r scstlngs vas adequate. 

a f ixed pointer and a graduated ring which moved with t i e  rotating 

The actual angle 8 was measured by 

flange. 

one degree of rotation of the flanges, t he  derived equation was 

In order t o  rapidly know the  exact angular relationship f o r  

I calculated for one degree increments of 9 which allowed the operator 

t o  know the angular position a t  any flange rotation value. 

operational characterist ics of the chamber and seal have not deterio73ted 

The overall 
1 

noticeably in  one and a half years of daily use. 



The rotary chamber provided a satisfactory method f o r  tes t ing  a 

radio frequency mass spectrometer wi th  changing ion at t i tude (Figure 17) 

and ion velocity. 

pressure range of 

pressure rise and ion beam pertubation during rotation. 

sea ls  were secure enough to allow a rsinimum pressure of 3 x lo-* t o r r  

t o  be attained overnight. 

not necessary to disassemble the  chamber fo r  maintenance purposes. 

In  addition, the properties of the system (such as pressure, torque, 

e tc . )  have not deteriorated noticeably during the period of use. 

The chamber performed rel iably i n  an operating 

torr with negligible ( less  than 2 x t o r r )  

The chamber 

During da i ly  use f o r  over one year it was 

The results of t h e  test performed w i t h  the radio frequency 

nass spectrometer were encouraging and indicated tha t  large dynamic 

vacuum seals could be used successfully. 


